Background: Parks and other forms of green space are among the key environmental supports for recreational physical activity. Measurements of green space access have provided mixed results as to the inluence of green space access on physical activity. Methods: This cross-sectional study uses a geographical information system (GIS) to examine the relationships between the amount of and distance to green space and county-level (n = 67) moderate and vigorous physical activity (MVPA) in the state of Florida. Results: The gross amount of green space in a county (P < .05) and the amount of green space within deined distances of where people live (1/4 mile, P < .01; 1/2 mile, P < .05; 1 mile, P < .01) were positively associated with self-reported levels of MVPA. Distance to the nearest green space and the amount of green space furthest from where people live (10 miles) were not signiicantly associated with MVPA. All measures were weighted by the population living in census tracts. Conclusions: The results suggest that there is an association between the accessibility created by having more green space closer to home and MVPA, but this holds only for areas up to and including 1 mile from home.
Supporting our biophilic or evolutionary connection to green spaces 1 is a growing body of empirical work demonstrating the linkages between green space and human health. One of these linkages lies at the nexus of parks and physical activity. 2 The purpose of this article is to contribute to the green space and physical activity literature by analyzing the effect of various measures of access to green space on the performance of moderate/ vigorous physical activity (MVPA), addressing the need to better operationalize measures of access to parks and recreational spaces. 2 This study tested what amount of green space made a difference in predicting MVPA, and whether amount was superior to distance from home. These analyses were differentiated from previous work as they were carried out 1) using speciic distance references taking into account not only distance to green space but also the amount (in acres) of space, 2) with a consideration of the residential population distribution within counties, and 3) conducted at the scale at which policy is often implemented and valid and reliable health data are readily available.
The general research question guiding this work was: Is increased access to green space associated with higher levels of MVPA when accounting for the distribution of population within a county? To answer this question we analyzed:
1. The relationship between the gross amount of green space in a county and the proportion of persons who reported performing MVPA in the county 2. The relationship between the weighted (by population) average distance to green space from all census tracts within a county and the proportion of persons who reported performing MVPA in the county 3. The relationship between the weighted (by population) average amount of green space within 4 deined distances from all census tracts within a county and the proportion of persons who reported performing MVPA in the county. This article begins with a review of the literature on physical activity and green space. This is followed by a description of the methods employed in the geographical information systems (GIS) and regression analyses. We conclude with an assessment of our indings and recommendations for future work.
Physical Activity and the Accessibility of Green Space
The notion that accessibility to green space can have an inluence on health behaviors is supported by an ecological model of health. 3, 4 An ecological model captures multiple levels of inluence on health and health behaviors, including the physical environment. Physical activity is a behavior that has received signiicant attention from public health advocates over the past decade for its ability to be inluenced by ecological effects.
Since the Surgeon General issued the landmark report on the beneits of physical activity, 5 this health behavior has received increased attention for its ability to deliver an array of health beneits. The continually expanding litany of beneits of regular physical activity include weight control, strengthening bones, improving mental health, and reducing the risk of cardiovascular disease, type 2 diabetes, and some cancers. Additional beneits are continually being revealed. 6 Traditionally, public health advocates have often pursued individual level interventions in an effort to promote heightened levels of physical activity within the population. However, there is compelling evidence that this approach has had only limited success. A comprehensive literature review commissioned jointly by the Transportation Research Board and Institute of Medicine 7 found that that there has only been a slight increase in physical activity despite years of individual level interventions. Attempts to increase individual motivation to undertake regular exercise have not fully succeeded, and the environment was considered as a potential barrier to persons performing activity.
At the other extreme, creating an environment supportive of greater levels of physical activity has been deemed necessary, but insuficient alone, to increase physical activity within a population. [8] [9] [10] Environmental interventions may provide the support for health knowledge to be translated into physical activity, but the creation of a supportive environment through the mere presence of "pedestrian-friendly" physical attributes is likely not enough to instigate behavior change. There is a growing recognition that these environmental supports must be not only present but also accessible.
Among the key environmental supports in any initiative to promote physical activity are parks and other forms of green space. Green space conservation is important for serving many health goals, [11] [12] [13] [14] [15] [16] [17] [18] some requiring simple exposure and not necessarily access to the space. Physical activity, of course, requires that conserved green spaces allow access for multiple uses. In accordance with the myriad goals associated with the conservation of green spaces, there exists a tension with regards to access. 19 Conserving sensitive lands by forbidding access to users may be critical in some circumstances to protect fragile ecosystems. Many green spaces exist not for human use but for the protection of sensitive ecosystems and the conservation of habitats for threatened species. Conversely, public parks and forests, in their many forms, are an important form of green space that are oriented to meeting the needs of users for both active and passive recreation. While this tension does indeed exist, green spaces can balance a wide range of environmental and social goals. In a conceptual model of what inluences park use, 2 park characteristics are an antecedent to park use and these characteristics lead to both social and environmental beneits.
Our ability to access these spaces for physical activity runs the risk of being oversimpliied, focusing upon quantity in number or gross acreage. In Florida, for example, many local governments use acres of parks and recreation space as a measure of the quality of their systems, 20 yet this basic measure does not provide clarity into the distribution of these space nor their proximity to people. Accessibility attempts to capture the presence or area consumed by parks and other forms of green space and the ease with which local populations can make use of these spaces.
The evidence regarding green space accessibility and physical activity has been mixed. A comprehensive review of the parks and physical activity literature revealed that most studies have shown positive associations between the availability and access to parks and physical activity levels. 21 Speciically, Powell 22 found a relationship between the convenience of a place to walk and the proportion of respondents who meet the recommended level of physical activity, and Giles-Corti 23 conirmed that access was the most important consideration in determining the use of public open space. In other studies, park use and exercise levels of individuals were predicted by proximity of their residence to the park, 24 and having more public land at the county level has been shown to signiicantly reduce levels of physical inactivity. 25 But the case is far from closed as these studies have been countered by indings that suggest no relationship between either dichotomous sedentary/non sedentary behavior or meeting/not meeting recommended levels of physical activity and proximity to parks. 26 Other studies performed at the neighborhood level found that distance to formalized parks does not hold as a signiicant predictor of walking 27 nor does distance hold for persons performing more generalized physical activity. 28 Distance also does not hold for physical activity using a broader conceptualization of green space beyond parks. 29 "Greenness," as measured by normalized difference vegetation index (NDVI), has also been tested for its ability to predict physical activity. It has been shown to have a positive association with body mass index among children 30 and increased activity performed on trails. 31 Although admittedly inconsistent with recent studies, it has also been shown to have a negative relationship on moderate and vigorous activity performed close to home. 32 In a study exploring what characteristics inluence park use, Giles-Corti 24 found that easy access to larger and more attractive public open space was a signiicant determinant of people achieving high levels of walking in these places. In other words, people tend to use larger open spaces with a greater intensity than smaller open spaces. In addition, once access was considered, size was more important than attractiveness in determining use. This is line with a more recent inding that more park area close to home increased odds of more strenuous physical activity. 33 Yet again, there are also indings which suggest no relationship exists. 34, 35 Although parks are the most common type of accessible public green space, greenways-intended to support both conservation and recreation-are also a form of green space often accessible to the public. [36] [37] [38] A study of multiple greenway systems found that at least 70% of users credit the trail with increasing their level of physical activity, and the majority of users fell within the range or exceeded 120 to 180 minutes per week, long enough to meet the recommended level of 150 minutes per week. 39, 40 Users of local greenways report "closeness to home" as a positive trail attribute nearly twice as often as respondents on greenways at the regional and state scale. 41 The attribute of proximity reduces daily barriers 42 such as the distance and time it takes to reach the greenway. This is pertinent when considering the greenway as a recreational facility but also important when considering the greenway as a potential route for utilitarian travel.
This study attempts to add some clarity to the generally mixed results outlined above by testing whether distance or area of publicly accessible green space inluences county-level MVPA taking into account the distribution of the population within counties. Given that these are spatial issues, GIS is a useful tool for helping to model the role of accessibility on physical activity.
Methods Design
In this cross-sectional study we employed GIS to quantify the general population's accessibility to green space at the county level for the entire state of Florida. Data sources and methods for deriving the green space and accessibility metrics described below generally follow a study of county-level mortality in Florida. 43 Table 1 displays the county level population characteristics for the 67 counties in Florida. The table represents the number of counties that fell within the percent range of a given characteristic. For example, 3 counties had 30%-39% female residents and 3 had 60%-69% male residents. Of particular note is that in only 13 of 67 counties did 40%-49% of the population report achieving a moderate level of physical activity. 
Measures
Data on moderate and vigorous physical activity were based on self-reports in the 2007 Behavioral Risk Factor Surveillance System (BRFSS) survey and compiled in the Florida Department of Health's Community Health Assessment Resource Tool Set (CHARTS, www.loridacharts.com) database. In the 2007 BRFSS survey, moderate activity was deined as causing small increases in breathing or heart rate performed for 30 minutes at least 5 days a week. Vigorous activities were deined as causing large increases in breathing or heart rate performed for 20 minutes at least 3 days a week. These moderate and vigorous activity categories were combined to determine the proportion of the population achieving MVPA, the level activity known to result in signiicant health beneits. Data on public green space in Florida was acquired from the Florida Geographic Data Library (http://www. fgdl.org). All state and national forests and parks in 2009 are represented in this database along with conservation districts for wildlife and parks at various municipal scales. Before using these data in our analyses, the database was reviewed and selected land uses were removed from further consideration because they were inaccessible to the general public and/or were not conceptually linked to physical activity. Examples of land areas removed from the database included holdings of the Disney Corporation, golf courses, and the more than 10 million acres of farmland in Florida. 44 We limited our analysis to examining the beneits that come from public green space that might be accessed for active recreation. Though there may be health beneits derived from proximity to inaccessible green space, these were not analyzed here.
TransCAD GIS v4.3 was used to estimate measures of green space accessibility for each Florida County. TransCAD was able to process and import 1807 of the 1842 green space polygons from the public land ile. The remaining 35 polygons were unrecoverable due to digitizing or topological errors with the original data.
County boundaries (67 units) and census tract boundaries (3153 units) for the entire state were retrieved for the year 2000. Census tracts were chosen as the spatial unit for accessibility calculations because they offer a reasonable amount of spatial resolution within most counties. As census tracts are usually bounded by physical features and major roads, they can also generally relect local neighborhood boundaries, which is useful when measuring the accessibility of physical features such as green spaces.
We calculated green space accessibility 3 ways. First, as a starting point, we calculated the total amount of green space within each county. The total amount of green space can be used as a crude proxy measure for access, but this measure does not reveal the distribution of green spaces within a county relative to where people live. A county could conceivably have a large amount of green space, but if this space is concentrated in a corner of the county far from where people live it would not be easily accessible for use for physical activity.
To remedy this limitation, our second measure of accessibility captured the relationships between persons living in census tracts and the distance in miles from a census tract centroid to the nearest green space. This measure does not take into account the amount of the green space, but rather the shortest distance to any green space "from home." These spaces could be extensive green networks or small neighborhood parks. Tract level distances were aggregated up to the county level by computing an overall mean distance for each county. This measure accounted for the population in each tract by weighting the calculated distance by the number of persons who lived in a given tract. The mean of the tractlevel calculations was then used to represent each county used in the county-level analysis.
For our third measure we computed accessibility in a manner consistent with the concept of cumulative opportunities. [45] [46] [47] The cumulative opportunities approach produces a count or assessment of opportunities around a given location within some ixed distance or time interval. For each census tract we estimated the amount of green space contained within 4 buffers-1/4, 1/2, 1, and 10 miles-around each census tract measured in Euclidean (straight-line) distance. This measure not only contributes to our understanding of the relationship between the amount of green space and physical activity within progressively greater distances "from home," but also the distance at which this relationship may lose its signiicance. This third measure also contained green space within the bounds of each tract. This measure was also weighted by the population in each tract and aggregated up to the county level. All of the measurements of distance to, and area of, green space around census tracts in the county captured green space located over county boundaries. Therefore, potential edge effects did not inluence the interpretation of the results.
We also controlled for other variables believed to inluence physical activity behavior in our analyses. Control variables included the proportions of the population in each county that were 1) aged 65 or older, 2) self-identiied as white, and 3) held a Bachelor's degree or higher.
Statistical Analysis
General linear models with robust standard errors were run to test the effect of the amount and the accessibility of green space on MVPA in the state of Florida. These models used commands recommended to account for the proportional nature of the dependant variable. 48, 49 The occurrence of spatial autocorrelation was tested and found to be negligible for MVPA (Moran's I Index = 0.04).
Results
The proportion of adults meeting MVPA at the state level in 2007 was 60.6% (34.6% moderate; 26% vigorous). The occurrence of MVPA at the county level ranged from 42.8%-77.0% (Figure 1) . In Figure 1 , the 3 classes of the proportion of persons who perform MVPA were created using a Natural Breaks (also known as Optimal Breaks or Jenks') classiication method. This classiication method creates the bounds of a particular class where there are signiicant gaps between values. The major advantage is that the data distribution is explicitly considered for determining class breaks. 50 The map reveals that counties with higher proportions of adults undertaking MVPA are found in south Florida in several coastal counties (including Miami-Dade) and in the western Florida panhandle. Counties with lower proportions of their populations undertaking MVPA are scattered throughout the state and are often rural, inland counties.
The analyses yielded mixed results regarding the relationship between green space access and physical activity. First, we found that the gross amount of green space in a county was positively and signiicantly associated with MVPA ( Table 2 ). The results reveal that for every 4.3 × 10 -4 sq miles of green space spread throughout the county, there is a 1% increase in MVPA among the population. 4.3 × 10 -4 sq miles of green space is approximately a quarter acre or the size of about 4 tennis courts. Recall that this measure did not take into account the distribution of the population within the county.
The distance measure yielded an insignificant relationship with MVPA. Lastly, Table 3 displays the results of this analysis testing the relationship between accessibility to green spaces within 4 deined distances of census tracts: 1/4 mile, 1/2 mile, 1.0 mile, and 10 miles. The amount of green space within deined distances from census tracts yielded signiicant positive correlations with MVPA at all of the 3 most proximate measures. The magnitude of the coeficient was the same across these 3 distances revealing that for every 0.004 sq mile increase in green space (about 2 football ields) there was a 1% increase in MVPA among the population. The relationship between green space and MVPA did not hold at the distance of 10 miles. The control variables behaved in an expected fashion in all of the models in which the green space main effects variable was signiicant. MVPA decreased with those over 65 years of age and increased with those that were white and had higher education.
Conclusions and Discussion

Conclusion
The results suggest that access to greater amounts of green space close to residential populations is associated with an increased performance of MVPA at the county level. This association does not hold when considering the amount of green space within 10 miles. We propose that this may be due to the amount of green space at this distance ceasing to have an inluence on what is perceived as convenient forum in which to perform regular physical activity. The results of the model using distance as a measure of access are consistent with other studies that found distance is not a signiicant predictor of physical activity. [26] [27] [28] [29] 
Implications
For advocates of parks and recreation systems and/or larger scale conservation efforts, these indings indicate that creating green infrastructure networks at scales beyond neighborhoods may be helpful in promoting MVPA. In Florida, many decisions about the conservation of public open space are made at the state and county levels. This study suggests that state and county efforts to conserve open spaces can have positively impact public health and that accessibility to open spaces should be one factor in choosing where to invest in land conservation and parks.
Although no evidence linking the 2 is provided in this study, the association between reduced mortality rates and the accessibility of green space demonstrated in previous studies 43, 51 may be partially attributed to green space accessibility leading to more persons achieving the health beneits of MVPA.
Limitations
It is important to note that this study did not allow us to determine the speciic attributes of green spaces that are associated with physical activity behaviors. The extant literature demonstrating the positive inluence of neighborhood parks and trails on varying levels of physical activity may relect that these type of green spaces have provisions or facilities for active as well as passive uses.
Although, these indings provide evidence of a relationship between MVPA and green space, there remains the key question of causation. Does the presence and accessibility of green space encourage greater and more frequent physical activity behaviors, resulting in a greater proportion of the population undertaking MVPA? Or, alternatively, do populations that already perform MVPA simply make use of accessible green spaces to undertake this activity? While public health advocates and parks and recreation professionals might operate under the former theory, the evidence in this study and in other studies to date cannot deinitively support the claims that investments in accessible and plentiful green spaces can change activity levels within local populations.
Future Research
A logical extension to this research would be to examine how differing landscape structures inluence MVPA. For example, connected green infrastructure systems open to public use-where local parks are linked by greenways as part of a connected regional system-could yield greater usage due to their ability to connect people to places they want to go. In addition, noting that it is not only the location of trails but also the features adjacent to them that have an inluence on how they are used, [52] [53] [54] [55] extensions of this study may consider the inclusion of variables such as park amenities that were not available for this analysis.
